of denatured hemoglobin close to the isoelectric point but not close enough to cause precipitation. Previously the denatured hemoglobin was brought into a slightly alkaline solution containing cyanide, the use of which seemed necessary for all adequate yield. This same procedure has been retained with, however, much less cyanide ill the solution. And the reversal has been accomplished from both the acid and the alkaline sides without the use of any cyanide at all.
Denaturation by HCI.--A 10 per cent solution of horse carbon monoxide hemoglobin is prepared as already described (2) . To such a solution at 0 ° is added an equal volume of 1/15 1~ HC1. After 3 minutes the acid solution is used for the various reversal procedures. There is evidence that this time suffices for complete denaturation. If the acid solution is rapidly and completely neutralized with NaOH after 3 minutes, then practically M1 the protein is precipitated, which would not happen were ally soluble native hemoglobin present. Furthermore, if the reversM procedure is begun 18 hours after the addition of the acid then the same 70 to 75 per cent yield of soluble hemoglobin is obtained as when the reversal procedure is begun after 3 minutes. Either there is no further denaturation after 3 minutes or hemoglobin cannot be denatured more than 25 per cent under the conditions of the experiment. It might be supposed that all the denaturation is due to local excesses of HC1 during the addition of the acid, that no further denaturation takes place after the acid is mixed with the solution, and that there is accordingly no further denaturation with time beyond the 25 per cent which supposedly takes place during the mixing. This hypothesis is disproved by two facts. First, if the solution is neutralized immediately after the addition of acid, then a great deal of protein is not precipitated, showing that there must be some change after the addition of acid. Secondly, the yield is the same regardless of the manner of adding the acid, that is regardless of the extent of temporary local excesses of HC1.
Reversal by NaCN.--To 4 volumes of the acid solution of denatured hemoglobin which contains 3 volumes of 1 / 15 N HClis added in the cold a mixture of 1 volume of 1/5 ~ NaOH and 1/20 volume of 1 N NaCN. No permanent precipitate is formed. After the solution has stood 1 hour at room temperature an equal volume of saturated ammonium sulfate is added arid the resulting precipitate filtered off. The 75 per cent of the original protein which remains in solution as cyan methemoglobin may be converted into crystals of carbon monoxide hemogJobin and may be coagulated again.
Yield.--The fraction of the protein remaining in solution after half saturation with ammonium sulfate depends on how long the cyanide solution has stood before the addition of the ammonium sulfate. At room temperature the maximum yield of 70 to 75 per cent is reached in 1 hour, at 0 ° in a day (see Table I ). The fact that 90 per cent of the protein is precipitated if the ammonium sulfate is added immediately after neutralization and that it takes time to get the soluble form is further evidence that the soluble form did not already exist in the acid solution, that the protein was completely denatured by the acid.
A simple colorimetric method was used to obtain the yield, the hemoglobin being determined as so called alkaline cyan hematin. The method was first checked by Fe and N analyses. To 1 cc. of the ammonium sulfate filtrate is added 9 cc. water and, after mixing, 2 cc. of 20 per cent trichloracetic acid. The centrifuged precipitate is dissolved with 2 cc. of 1/5 N NaOH and 1 cc. of 1 N KCN and diluted to 10 cc. The standard is made up from the original alkaline cyanide solution to which 0.5 cc. saturated ammonium sulfate is added after dilution to 9.5 cc.
Reversal by Neutralization.--It has already been stated that if the hemoglobin solution which has stood in 1/15 N HCI for 3 minutes is rapidly and completely neutralized by the addition of an equivalent amount of NaOH practically all the protein is precipitated. About 50 per cent of protein soluble in half saturated ammonium sulfate is obtained, however, if the neutralization is carried out in two steps, first just not enough to cause a permanent turbidity, then, after a time, the rest.
For instance, to 10 cc. of 10 per cent horse carbon monoxide hemoglobin is added 30 cc. 1/15 N HC1 in the cold. After 13 minutes the solution is brought to room temperature and 15 cc. 1/10 N NaOH are added gradually. 2 hours later 5 cc. more 1/10 N NaOH are added to complete the neutralization and then an equal volume of saturated ammonium sulfate. 51 per cent of the protein is precipitated. Precisely analogous experiments may be done with denatured globin as is described in another paper (2) .
Instead of neutralizing the HC1, the acid may be removed by shaking dialysis in the cold. The yield is about 50 per cent. Again similar experiments may be done with globin (2). Crystallization.--The soluble cyan methemoglobins obtained from the hemoglobins denatured by HC1, trichloracetic acid, and shaking have all been converted into carbon monoxide hemoglobins and then into crystals of the normal form. For the purpose of merely demonstrating the crystallizability of the "reversed" hemoglobin, crystallization by ammonium sulfate is the simplest procedure. To get pure hemoglobin, the hemoglobin is concentrated by pressure dialysis of an isoelectric solution whereupon crystals come out of the supersaturated solution.
Coagulation by Trichloracetic
In either procedure the cyan methemoglobin is first precipitated and thus concentrated by the addition of 16 gm. solid ammonium sulfate to each 100 cc. of the solution already half saturated with ammonium sulfate. In the ammonium sulfate crystallization procedure a concentrated suspension of the filtered precipitate is now dissolved in a minimum amount of water, the amount of water added and the final volume being noted. The solution is saturated with CO and reduced by the addition of a little solid Na2S20,. Then CO is bubbled through again and after a few minutes enough saturated ammonium sulfate is added to about half saturate the solution. Crystals usually appear within 10 minutes. They have never failed to appear within 18 hours. In dilute solutions of hemoglobin, crystallization is slow and sensitive to the pH and ammonium sulfate concentration. In concentrated solutions such as are readily obtained by dissolving the ammonium sulfate precipitate, it is difficult not to get crystals.
The preparation from cyan methemoglobin (normal or "reversed") of HbCO crystals free of cyan methemoglobin, ammonium sulfate, and the reducer Na~S,O4 (Stokes' reagent does not reduce cyan methemoglobin) is a tedious matter requiring a lengthy series of dialyses. First, the ammonium sulfate precipitate is dissolved by dialysis against water. This solution is converted into HbCO, dialyzed against an alkaline solution to remove the Na2S204 and ammonium sulphate, then dialyzed against an isoelectric solution of pH 6.8 and finally concentrated and crystallized by pressure dialysis. All the dialyses are done at 5°C. in a shaking dialyzer (Kunitz and Simms (3)) with collodion membranes. Na2S,O, even in small amounts makes collodion membranes fragile, so solutions should not be left in the membranes longer than a day, preferably less. In any case, collodion membranes are soon made impermeable by contact with hemoglobin solutions.
The procedure in more detail is as follows:
First, in order to dissolve the ammonium sulfate precipitate without too much dilution it is dialyzed for an hour against distilled water. The solution is then put in an Erleumeyer flask which is evacuated and filled with CO. One-fifth of a volume of a 1 per cent solution of Na~S~O4 in 0.5 per cent NH~ is then added and the flask evacuated and refilled with CO. The solution is allowed to stand 10 minutes and is then shaken and dialyzed at least overnight against a 1/20 ~r solution of KzI-IPO4 or any similar slightly alkaline buffer solution. It is then further dialyzed overnight against water or an isoelectric phosphate buffer and finally pressure dialyzed and put away in the cold to allow time for crystallization. The dialysis solutions all are saturated with coal gas and the membranes all contain bubbles of pure CO. The HbCO may be crystallized out of any desired solution in which it is sufficiently insoluble and may, of course, be recrystallized.
SUMMARY
The coagulation of hemoglobin is probably reversible. Several methods are described for preparing soluble crystalline hemoglobin from hemoglobin denatured by HC1 or trichloracetic acid.
The yield is about 75 per cent.
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